Abstract -Dandelion has been widely utilized for medicinal and edible purposes. This research was conducted to evaluate the effect of supplemental LED (light-emitting diode) light on germination, growth characteristics and anthocyanin content of dandelion (Taraxacum officinale) seedling using LED blue (460 nm), red (660 nm, R), blue + red (B:R=6:4) and fluorescent lamp light treatment. By LED illumination to T. officinale seed germination speed was delayed, and germination rate was the highest in the fluorescent light. The growth characteristics (plant height, number of leaves, root length and fresh weight) were greatly influenced by supplemental LED light compared with control treatment, and the growth promotion was the most effective in the red LED illumination. After 60 days of red and mixed LED light treatments, anthocyanin content of dandelion plants was significantly changed. The anthocyanin content was increased by 12~19 mg/100 g under the red LED and the mixed light conditions compared with the control and the blue LED. Results indicate that illumination with red and mix LEDs, compared with other light treatments, is beneficial for promotion of growth and anthocyanin content in dandelion.
Introduction
Plants of the genus Taraxacum, also known as dandelions, are members of the Asteraceae family. These perennial plants are widespread throughout the warmer temperate zones of the Northern Hemisphere and have been used for centuries as a remedy for various ailments by several societies. Dandelion in Korea could be used as the traditional oriental medicine, having anti-infection effect, diuretic, and removal of fever according to the Korea herbal pharmacopoeia (Korea Food & Drug Administration. 2011) , and native Americans use dandelion roots and herbs to treat kidney disease, dyspepsia and heartburn. In traditional Arabian medicine, dandelions have been applied to remedy liver and spleen disorders, whereas European herbalists authorize the use of dandelions for fever, boils, eye problems, diabetes and diarrhea (Akashi et al., 1994; Korea Food & Drug Administration, 2011; Williams et al., 1996) . Light-emitting diodes (LEDs) have a variety of advantages over traditional forms lighting. Their small size, durability, long lifetime, cool emitting temperature and the option to select specific wavelengths for a targeted plant response make LEDs more suitable for plant-based uses than many other light sources (Chory et al., 1996; Kopsell and Kopsell, 2008) . These advantages, coupled with new developments in wavelength availability, light output and energy conversion efficiency, place us on the brink of a revolution in lighting.
Light quality plays a major role in the appearance and productivity of ornamental and food specialty crop species (Chory et al., 1996; Coombe, 1973; Giliberto et al., 2005; Ryu et al., 2012) . Far-red light, for example, is important for stimulating flowering of long-day plants (Cho et al., 2011; Fankhauser and Chory, 1997) as well as for promoting internode elongation (Kopsell and Kopsell, 2008; Nishimura et (Giliberto et al., 2005; Tanaka et al., 1998) for stomatal opening and for inhibiting seedling growth on emergence of seedlings from a growth medium (Masson et al., 1991) . The blue light photoreceptor class of cryptochromes has been found to work in conjunction with the red/FR phytochrome photoreceptor class to control factors such as circadian rhythms and de-etiolation in plants (Giliberto et al., 2005) . The interactions are complex and continue to be unraveled at the molecular level (Kopsell and Kopsell, 2008) , but much of our understanding of these responses comes from studies with narrow-waveband lighting sources, in which LEDs provide obvious advantages. anthocyanins (Meng et al., 2004) . Anthocyanin was of particular interest to the food colorant industry due to their ability to impart vibrant colors. Anthocyanin have been incorporated into the human diet for centuries and have been used as traditional herbal medicines due to their diverse physiological abilities to treat conditions such as hypertension, pyrexia, liver disorders, dysentery and diarrhea, urinary problems and the common cold. Light-dependent anthocyanin synthesis has been extensively used as a model system for studies of the mechanism of photoregulation of plant development (Giusti and Wrolstad, 2005; Keppler and Humpf, 2005; Meng et al., 2004) .
The objective of our studies was to evaluate the germination, growth and anthocyanin content of dandelion that cultivated under various LED lamps.
Materials and Methods

Plant materials and growing condition
Dandelion seeds (T. officinale cv. Goldenboll) were sown 
Determination of anthocyanin content
The extraction protocols described by Kim (1999) were used. Samples (10 g) were extracted with 50 ml (Ethanol:
H2O:HCl=20:79:1) for 12 h. The liquid extract was separated by centrifugation at 3000 rpm for 30 minutes. After both solutions were filtered (0.45 μm membrane filter) and the extract was used for HPLC analysis (Table 1) .
Statistical analysis
This experiment was designed as randomized block design with six replications. One-way analyses of variance were performed using SPSS software (version 12; SPSS Inc, USA) along with Duncan's multiple range tests to compare differences among mean values. Mean values and standard deviation were reported, and the significance was defined at P < 0.05.
Results
Effect of supplemental light qualities on germination rate (%)
The germination rates (%) obtained from various LED light treatments were shown in Fig. 1 . The average day required for germination was longer in LED light treatment than control. Germination speed was also slower in LED treatment than that of control. At three to eighteen days after sowing, the germination rate under fluorescent light treatment was higher than that of LED treatments over 8 to 9.7 percent.
At 18 days after sowing, germination rate of dandelion under blue, red, mixed LED light and fluorescent lamp was 74.0%, 77.3%, 75.7 and 83.7%, respectively.
Effect of supplemental light qualities on growth characteristics of dandelion
Growth characteristics of dandelion seedlings were greatly influenced by different supplemental LED light treatments.
The plant height of dandelion grown under various LED light is presented in Table 2 . At all growth stages, plant height was highest in red LED treatment. The plant height of red LED was more two times higher than that of control at 20 to 30 days after LED treatment. After 60 days of seeding, plant showed the heaviest fresh weight with an average of 66.93 g, followed by blue 55.16 g, mixed 54.43 g, control 42.43 g, respectively. At LED treatment, fresh weight was promoted by 24 to 36 percentages than that of control (Fig. 2, Fig. 3 ).
Effect of supplemental light qualities on anthocyanin content of dandelion leaf
The anthocyanin concentration of dandelion leaf grown under various LED light is presented in Table 5 . At sixty days after seeding, anthocyanin content of dandelion leaf grown under blue, red, mixed LED and fluorescent lamp was 34.10, 56.24, 49.27 and 37.24 mg/100 g, respectively. Anthocyanin concentration was significantly increased by red and mixed LED treatment, and there was no significant difference among the blue LED treatments and control (Table 5 ). These results indicate that red and mixed wave length is required for the production of anthocyanin in dandelion leaf.
Discussion
Effect of supplemental LED qualities on growth chara-By LED irradiation to dandelion, an early seed germination speed was delayed, and the average days required for germination were longer in LED light treatment than that of control indicating that it has inhibitory effect on dandelion seed The growth characteristics, such as plant height, number of leaves, root length and fresh weight were increased under the LED treatments compared with the control, and the growth promotion was the most effective in the red LED irradiation.
Overalls, the plant height, number of leaves, root length and plant fresh weight were significantly increased by 26%, 6.8%, 21% and 36%, respectively, with the supplemental red light compared with control treatment. This finding concurs with previous studies that growth characteristics increased by the red LED treatments was detected in Lactuca sativa (Lee et al., 2010) and Capsicum annuum (Azad et al., 2011) . Red light may increase starch accumulation in several plant species by inhibiting the translocation of photosynthates out of leaves (Tanaka et al., 1998; Saebo et al., 1995; Azad et al., 2011) . In contrast, blue light is important in the formation of chlorophyll (Senger, 1982) , chloroplast development (Akoyunoglou and Anni, 1984) , stomatal opening (Zeiger, 1984) and enzyme synthesis (Senger, 1982) . These different growth responses to red or blue LED light are most likely due to the different actions of phytochrome and cryptochrome photoreceptors, as suggested by previous studies (Doi et al., 2004; Smith, 2000) .
Anthocyanins that accumulate in plants do not participate in primary photosynthetic reactions in chloroplasts, and formation of anthocyanins is a genetically determined by phytochrome mediated process requiring photosynthetic activity (Meng et al., 2004) . Light is one of the main determinants of anthocyanin production, and anthocyanin biosynthesis is strongly dependent on light intensity or light quality (Giusti and Wrolstad, 2005; Keppler and Humpf, 2005) . In particular, when the different ecotypes were kept at different R/FR ratios, the anthocyanin level was significantly increased under higher R/FR ratios, and the pigment levels were almost the same under low R/FR ratios (Alokam et al., 2002) . In our study, anthocyanin content was significantly increased in 24 ～33% with supplemental red and mixed red light treatments.
And previous research shown that supplemental red light or a combination of supplemental red and blue lights (mix), compared with the control, significantly increased the anthocyanin concentration in leaf red lettuce; control 180 mg/100g, red 200 mg/100g, mix 250 mg/100g (Lee et al., 2010) , and pepper; control 1.1 mg/100 g, red 5.5 mg/100 g, mix 7.3 mg/ 100 g (Azad et al., 2011) . Red light seems to be most effective in anthocyanin production (Zhou and Singh, 2002) . In contrast, blue light increased levels of anthocyanins in tomato (Giliberto et al., 2005) and Capsicum annuum (Azad et al., 2011) . More studies are needed to clarify the mechanisms of anthocyanin production. In addition, Ryu et al. (2012) reported that DPPH radical scavenging activity and SOD activity of leaf extracts of dandelion that was grown for 60 days under red and mixed LED treatment were higher than fluorescent lamp. Also, contents of total polyphenols and amino acids were significantly increased by red and mix LED treatment than those of fluorescent lamp (Ryu, 2012; Ryu et al., 2012) . The information generated from this study gives a red light to be most effective in dandelion growth and anthocyanin production. And the results suggest that possibility to develop to produce high-value plant resources by using the dandelion.
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